Insect societies are sometimes referred to as 'superorganisms' [1] . The most striking analogy between this superorganism and the multicellular organism, as we think of it in the traditional sense, is that a large fraction of the population -the somatic cells of the multicellular organism and the workers and soldiers of the insect colony -are sterile. They only can increase their fitness indirectly, by providing help to related, fertile colony members. To extend the analogy further, some multicellular individuals have an early irreversible sequestration of reproductive from non-reproductive cells, whereas in others, such as fungi, all cells retain the potential to reproduce. Likewise, some social insects have an irreversible caste differentiation, whereas in others, all individuals remain 'hopeful reproductives' [2] .
Another aspect of the superorganism analogy is that of superorganism immunity. On one hand, cooperation facilitates division of labour and provides scale-related benefits of increased size. However, on the other hand, living in crowded societies of closely related members also increases the risk of contagious diseases. Just as multicellular organisms have an immune system to deal with those risks, recent research shows that social insects, in addition to their own organismal immune system, have a 'social immune system' to cope with infectious disease [3] . The social immune system results from cooperation between group members to combat the increased risk of disease transmission that arises from sociality and group living.
In a recent study published in eLife, Pull and colleagues [4] now reveal a previously unknown component of the social immune system -the killing of infested brood by workers, called destructive disinfection. In this study, the authors found that in colonies of the ant Lasius neglectus, pupae infected with the parasitic fungus Metarhizium brunneum emitted a chemical cue, which was detected by tending ants (Figure 1) . Subsequently, the ants would bite an infected pupa to open its cuticle and spray it with an antiseptic poison, killing both the pupa and the fungus. These results provide a striking analogy with the innate immune system of multicellular organisms, where infection triggers the complement system to recruit inflammatory cells. In this analogy, the chemicals emitted by the brood are analogous to the signalling molecules produced by infected cells, and the workers killing and cleaning the infected pupae are analogous to the white blood cells attracted to the signalling molecules.
Like the vertebrate immune system, the social immune system of the colony is comprised of various layers of defence [5] . One line of defence is the prevention of pathogen entry. Eugè ne Marais compared the wall of a termite colony with the skin of a human body. Both are actively maintained, consist largely of dead matter, and serve as a first line of defence against intruders. Upon entry of parasites, a second line of defence can prevent the establishment and spread of the parasite between the body's cells or the social insect workers. One way to achieve this is via the cleaning of contaminated workers by other workers (called 'allogrooming'), which can significantly increase their survival [6] . Once infection has occurred, a third line of defence is the sacrifice of infected workers, similar to the destruction of infected cells within a multicellular organism. The results of Pull and colleagues [4] demonstrate that such sacrifice is indeed part of the social immune repertoire of Lasius neglectus.
A further aspect of immunity that has an analogue in the social immune system is that of immune memory. Adaptive immunity evolved in early vertebrates and allows for a stronger immune response as well as immunological memory; each pathogen is 'remembered' by a signature antigen [5] . Even though the term 'adaptive immunity' is generally reserved for the vertebrate immune system, the social insect immune system can also be 'primed' with a low dose of a pathogen, leading to higher resistance later on [7, 8] .
It is now appreciated that even prokaryotes have a form of acquired immunity, albeit very different from that of vertebrates, through a system that uses CRISPR sequences to retain fragments of phage genomes that they have previously come into contact with, allowing them to block virus replication through a form of RNA interference [9] .
Similarly, there is some indication that social immunity also has an acquired component. Initial exposure to an infection can give a 'collective immune memory', resulting in a faster response of a colony upon a secondary exposure to a pathogen [10, 11] . In L. neglectus the mechanism of such acquired protection for infection with Metarhizium fungi was found to be the transfer of low doses of pathogen during sanitary care, leading to protective low-level infections in nest mates of exposed individuals [12] . Such immunization by low-level infection, which induces immune gene expression and hence protective immune stimulation, has also been shown in termites [13] .
The active killing of infected brood by workers is consistent with predictions from kin-selection theory, if the sacrifice of individuals benefits the colony as a whole and increases the production of fertile offspring by the related queen. From a kin-selection perspective, a valid question would be -why do infected individuals not commit suicide upon infection? Such a response would be analogous to the hypersensitive response found in plants, in which pathogenexposed tissues become necrotic, preventing pathogen spread. For such suicide to be effective against the spread of infectious disease in social insects, it needs to be accompanied by isolation -either in the form of physical isolation by other workers or by dispersal of infected individuals before committing suicide. Alternatively, by committing suicide, immobile brood could signal the presence of infection, thus more effectively facilitating efficient pathogen removal, as has been found in bees upon mite infection [14] . There is evidence that moribund workers of the ant Temnothorax unifasciatus dying from fungal infection isolate themselves from their nestmates days or hours before death [15] . Similarly, termites imprison sick or dying nestmates with faeces that have antimicrobial properties [16] . However, in none of those cases are there indications that workers commit suicide.
It has been argued that the original function of the immune system in multicellular organisms was the preservation of the individual against the threat of invading conspecific cells rather than infectious disease [17] . According to this hypothesis, the system initially was an allorecognition system that was later co-opted to serve as a defence mechanism against parasitism by other species (xenorecognition). An argument in favour of this hypothesis is that social cheating is likely to have been a threat right from the beginning of multicellularity. Allorecognition is believed to be an essential component of multicellular cooperation as it provides protection against social cheating [18, 19] . Similarly, social cheating occurs in social insects, where unrelated individuals can take over the reproduction of a colony. Therefore, analogously to allorecognition as the original function of the immune system, the original function of the social immune system may have been protection against social cheating by individuals of the same species [5] .
Whatever the evolutionary origin, both the immune system of multicellular organisms and the social immune system of insect colonies now play an important role in the suppression of infectious disease. An interesting question is how the complexity of both types of immunity relates to the degree of individuality in different organism groups. In general, organisms with an early sequestration of the germline have the most complex immune systems, with acquired immunity as a component. In contrast, organisms with modular development without an Dispatches early permanent sequestration of germline cells tend to have less complex immune systems. This is consistent with kin-selection theory, as the most complex forms of immunity involve the altruistic sacrifice of a subset of the somatic cells and this sacrifice naturally occurs in organisms with permanent germline sequestration. An interesting question is whether we will see the same dichotomy between social insects with an early irreversible caste differentiation, and those where all individuals remain 'hopeful reproductives'. Recently, it has been argued that the superorganism concept should be reserved only for social insects with permanent sterile castes, since unconditional differentiation of permanently unmated castes takes away all incentives for personal reproduction [20] . A testable prediction of this hypothesis is that complex forms of social immunity are limited to this group of social insects with permanent worker castes, that is to say true superorganisms.
